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(57)Abstract: 

PURPOSE: To provide an electrode plate for a nonaqueous electrolyte secondary battery capable of 
preventing drop in conductivity (electronic conductivity) of a coating film and drop in capacity 
maintainability in charge/discharge cycles. 

CONSTITUTION: In an electrode plate for a nonaqueous electrolyte secondary battery having a coating 
film formed by applying an electrode coating solution containing an active material, a binder, and a 
dispersion medium onto the surface of a metal foil current collector, the coating film is formed in a foamed 
structure containing the binder and the active material bound with the binder. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the elasticity which contains the active material to which said paint film was bound with said binder 

and this binder in the electrode plate for nonaqueous electrolyte rechargeable batteries which has the paint film 

which applied the coating liquid for electrodes containing an active material, a binder, and a dispersion medium 

to the metallic foil current collection body surface, and was formed — the electrode plate for nonaqueous 

electrolyte rechargeable batteries characterized by accomplishing the structure of a **. 

[Claim 2] The process which kneads an active material, a granular binder, and a dispersion medium, and 

prepares the coating liquid for electrodes, The process in which said granular binder applies said coating liquid 

for electrodes to a metallic foil charge collector in the condition of having distributed in the shape of a particle, 

and forms a paint film, The manufacture approach of the electrode plate for nonaqueous electrolyte 

rechargeable batteries characterized by consisting of the process which performs the process which removes 

said dispersion medium contained in said paint film and said clearance process, coincidence, or processing 

according [ as opposed to / after that / said paint film ] to heat or an ionizing-radiation exposure. 

[Claim 3] The approach according to claim 2 said granular binder is thermoplasticity. 

[Claim 4] The approach according to claim 2 said granular binder is thermosetting. 

[Claim 5] The approach according to claim 2 said granular binder is ionizing-radiation hardenability. 

[Claim 6] The approach according to claim 2 of being the multilayer-structure object with which said granular 

binder consists of core matter and shell matter. 

[Claim 7] Said granular binder is a method according to claim 2 of having the particle size of about 0.1-50 
micrometers preferably about 0.01-100 micrometers. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the electrode plate for nonaqueous electrolyte rechargeable 
batteries which can prevent decline in the capacity maintenance factor at the time of a charge-and-discharge 
cycle, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, the miniaturization of electronic equipment and communication 
equipment and lightweight-ization are progressing quickly, the demand with the same said of the rechargeable 
battery used as these power sources for actuation is strong, and the nonaqueous electrolyte rechargeable battery 
represented with the lithium ion rechargeable battery which has a high energy consistency and high tension is 
proposed instead of the alkaline battery. 

[0003] Moreover, about the electrode plate which affects the engine performance of a rechargeable battery 
greatly, attaining thin film large area-ization for [ for charge-and-discharge cycle-life extension ] the formation 
of a high energy consistency is proposed. For example, positive-active-material powder, such as a metallic 
oxide, a sulfide, and a halogenide, an electric conduction agent, and a binder (binder) are dissolved in a suitable 
wetting agent (solvent), paste-like active material coating liquid is prepared, this coating liquid is applied to a 
metallic foil charge collector, and the positive-electrode electrode plate which removes a solvent after that and 
is obtained is indicated by JP,63-10456,A and JP,3-285262,A. As this binder, fluororesin, such as 
polyvinylidene fluoride, or a silicone = acrylic copolymer is used, for example. 

[0004] On the other hand, the binder used for active material coating liquid preparation in the electrode plate of 
a spreading mold is electrochemically stable to nonaqueous electrolyte, i.e., an organic solvent, and to be 
flexibility as exfoliation, omission, a crack, etc. do not produce the active material paint film which was not 
eluted to the electrolytic solution and applied to it at the assembly process of a cell, and to excel in the adhesion 
to a metallic foil charge collector are demanded. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since a binder served as a continuous phase in the interior 
of a paint film, a particle-like active material and the front face of electric conduction material were covered 
with the conventional spreading mold electrode plate and the dope or dedope of ion from an active material was 
checked, there was an inclination for the conductivity inside a paint film (electronic conduction nature) to fall, 
or for a capacity maintenance factor to fall at the time of a charge-and-discharge cycle. 
[0006] 

[Means for Solving the Problem] In order to accomplish this invention in view of the above-mentioned 
technical problem and to prevent the conductive (electronic conduction nature) lowering inside a paint film, and 
decline in the capacity maintenance factor at the time of a charge-and-discharge cycle, In the electrode plate for 
nonaqueous electrolyte rechargeable batteries which has the paint film which applied the coating liquid for 
electrodes containing an active material, a binder, and a dispersion medium to the metallic foil current 
collection body surface, and was formed the elasticity in which said paint film contains the active material 
bound with said binder and this binder — the electrode plate for nonaqueous electrolyte rechargeable batteries 
which accomplishes the structure of a ** is offered. 

[0007] Moreover, the process which this invention kneads an active material, a granular binder, and a dispersion 
medium, and prepares the coating liquid for electrodes, The process in which said binder applies said coating 
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liquid for electrodes to a metallic foil charge collector in the condition of having distributed in the shape of a 
particle, and forms a paint film, The manufacture approach of the electrode plate for nonaqueous electrolyte 
rechargeable batteries characterized by consisting of the process which performs the process which removes 
said dispersion medium contained in said paint film and said clearance process, coincidence, or processing 
according [ as opposed to / after that / said paint film ] to heat or an ionizing-radiation exposure is offered. 
[0008] Namely, although an active material paint film is formed adhesive strength arising between the active 
material of the shape of a particle-like binder front face and a particle, and an electric conduction material front 
face, and binding particle-like an active material and electric conduction material to it in the electrode plate for 
nonaqueous electrolyte rechargeable batteries of this invention Under the present circumstances, a binder does 
not cover a particle-like active material and the front face of electric conduction material, that is, it pastes up 
mutually, the front face of an active material and electric conduction material being exposed a little — having — 
elasticity ~ by forming the structure (structure imitated in a millet cake, thunder brittle, etc. if it compares) of a 
** Inhibition of the dope and dedope of the ion from an active material or the conductive (electronic conduction 
nature) lowering inside a paint film can be prevented, and the capacity maintenance factor at the time of a 
charge-and-discharge cycle is raised. 

[0009] The nonaqueous electrolyte rechargeable battery in this invention is represented with a lithium system 
rechargeable battery. That is, it is desirable that what combined a kind or two or more sorts in the chalcogen 
compound of the lithium oxide of LiCo02 and LiMn204 grade, TiS2, Mn02 and Mo03, and V205 grade, for 
example is used as positive active material, and carbonaceous ingredients, such as a lithium, a lithium alloy or 
graphite, carbon black, or acetylene black, are used as a negative-electrode active material. Especially, in 
LiCo02, it is desirable to use positive active material and a carbonaceous ingredient as a negative-electrode 
active material, and the high discharge voltage which is about 4 volts is obtained. 
[0010] The electrode plate in this invention kneads or distributes a powdered active material, an above- 
mentioned binder (binder), and a suitable above-mentioned dispersion medium, prepares active material coating 
liquid, applies this coating liquid to metallic foil charge collectors, such as aluminum, copper, and stainless 
steel, and is obtained. Furthermore, it is desirable as an electric conduction agent to mix graphite, carbon black, 
acetylene black, or a metal powder to active material coating liquid. 

[0011] As for what this invention is characterized, the binder exists as a particulate material at least in active 
material coating liquid. It heat-treats, when a particle-like binder shows thermoplasticity or thermosetting the 
process and coincidence which apply to a metallic foil charge collector and remove a dispersion medium, or 
after that. When a particle-like binder shows ionizing-radiation hardenability, on the other hand, by the 
exposure of ionizing radiation It is using as an electrode plate what was obtained by fixing particle-like an 
active material and electric conduction material between the front faces of the active material of the shape of a 
particle-like binder front face and a particle, or electric conduction material, and making an active material paint 
film form in it by producing adhesive strength. That is, when a particle-like binder consists of thermoplastics, or 
it heat-treats at temperature higher than the softening temperature of thermoplastics and softens the front face of 
a particle simultaneously after carrying out coating of the active material coating liquid to a charge collector and 
removing a dispersion medium or, by carrying out melting, a particle-like active material and adhesive strength 
with an electric conduction material front face can be produced, an active material paint film can be formed, and 
an electrode plate can be obtained. 

[0012] As thermoplastics which constitutes a particle-like binder For example, although it can opt [ from ] 
among polyester resin, polyamide resin, polyacrylic ester resin, polycarbonate resin, polyurethane resin, 
cellulosic resin, polyolefin resin, polyvinyl resin, fluororesin, polyimide resin, etc. When the ease of carrying 
out of the generation to the shape of bond strength or a particle at the time of heating softening is taken into 
consideration, polyacrylic ester resin and polyvinyl resin, Especially The poly methyl (meta) chestnut rate, a 
poly butyl (meta) chestnut rate, Pori-2-hydroxyethyl (meta) acrylate, the Pori (meta) acrylamide, Polystyrene, 
polyvinyl chloride, polyvinyl acetate, and its copolymer, It is desirable to use the bridge formation object (micro 
gel) which furthermore copolymerized a part of polyfunctional monomer, such as a divinylbenzene, 
methylenebis acrylamide, ethylene glycol diacrylate (Pori), and trimethylolpropanetrimethacrylate. 
[0013] If the softening temperature of the thermoplastics which constitutes a particle-like binder is too high, it 
must make heat-treatment temperature an elevated temperature, it is not desirable on a production process, and 
if too low, since it will be in a softening condition also at a room temperature and exfoliation by floating of a 
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paint film, omission of a particle, etc. arise, neither is desirable [ softening temperature ]. 30 degrees C - 200 
degrees C of desirable softening temperatures are 50 degrees C - 150 degrees C still more preferably, for 
example. Moreover, in order to maintain particle shape after active material paint film formation and to prevent 
the coat to an active material or an electric conduction material particle also by softening of a particle-like 
binder, and melting, it is required for the elastic modulus of the thermoplastics at the time of softening to be 
high to some extent. 

[0014] Moreover, after carrying out coating of the active material coating liquid to a charge collector and 
removing a dispersion medium like [ when a particle-like binder consists of thermosetting resin ] the case where 
it consists of thermoplastics, it heat-treats simultaneously, and by making thermosetting resin react, a particle- 
like active material and adhesive strength with an electric conduction material front face can be produced, an 
active material paint film can be formed, and an electrode plate can be obtained. 

[0015] The thermosetting resin which constitutes a particle-like binder needs to be the prepolymer of heat 
reactivity, oligomer, and a monomer (curing agent). For example, it is prepolymers, such as urethane, epoxy, a 
melamine, phenol = formaldehyde, an amide, urea, imide, and the acrylic system of reaction, oligomer, and a 
monomer, temporarily, to be an urethane system prepolymer, it is required in a molecule to contain an 
isocyanate radical (- NCO), and to be an epoxy system prepolymer, it is required to contain a glycidyl group in 
a molecule. It can use if needed, combining an initiator, a catalyst, etc. suitably. 

[0016] When a particle-like binder consists of ionizing-radiation hardenability resin, after carrying out coating 
of the active material coating liquid to a charge collector and removing a dispersion medium, by making 
ionizing-radiation hardenability resin react by irradiating ionizing radiation, the adhesive strength of a particle- 
like active material and the front face of electric conduction material can be produced, an active material paint 
film can be formed, and an electrode plate can be obtained. 

[0017] The ionizing-radiation hardening mold resin which constitutes a particle-like binder uses prepolymers, 
such as an acryloyl (meta) compound reacted to ultraviolet rays, an electron ray, a gamma ray, etc., an allyl 
compound, and a vinyl compound, oligomer, and a monomer as a principal component. For example, urethane 
(meta) acrylate, epoxy (meta) acrylate, To prepolymers, such as polyester (meta) acrylate, oligomer, and them, 
styrene, An acrylic acid, a methyl acrylate (meta), butyl acrylate (meta), (Meta) 2-hydroxyethyl acrylate, 
ethylene glycol diacrylate, Diethylene glycol diacrylate, hexamethylene glycol diacrylate, Neopentyl glycol 
diacrylate, ethylene-glycol-diglycidyl-ether diacrylate, Diethylene-glycol diglycidyl ether diacrylate, 
hexamethylene glycol diglycidyl ether diacrylate, Neopentyl-glycol-diglycidyl-ether diacrylate, 
trimethylolpropane triacrylate, Little mixing of monofunctional [, such as a pentaerythritol thoria chestnut rate, 
pentaerythritol tetraacrylate, dipentaerythritol pentaacrylate, and dipentaerythritol hexaacrylate, ], the 
polyfunctional monomer, etc. can be carried out, and they can be used. 

[0018] Furthermore, a this particle-like binder is able to have multilayer structure. Generally the multilayer- 
structure particle is called the core shell particle, and is a particle which consists of two or more layers more 
than two-layer [ from which construction material and physical properties differ in the part inside a particle 
(core), and the part of the outline section (shell) ]. In that case, only the layer of the maximum outline should 
consist of resin which has the above thermoplasticity, thermosetting, and ionizing-radiation hardenability at 
least. Therefore, regardless of a non-subtlety particle and an organic particle, whichever is sufficient as the layer 
of others containing a core. 

[0019] When a non-subtlety particle is an internal layer, the approach of using the maximum outline layer 
(surface layer) as the resin which has thermoplasticity, thermosetting, and ionizing-radiation hardenability can 
be performed with the synthesis method known conventionally, for example, Polymer Journal and vol. — 21, 
No.6, p425 (1989), Journal of Polymer Science and A, vol.29, and p697 (1992) a front face, vol.28, and No. - 
4, p286 (1990), a front face and vol.30, No.l, and p74 (1992) etc. - the approach of a publication is mentioned. 
Moreover, as an approach of obtaining an organic system multilayer particle, there is the approach of 
compounding by the multistage story emulsion-polymerization method from an internal layer particle. It is 
Macromolekuare Chemie.vol.181 and p2517 (1980) as a well-known approach. Polymer Journal, vol.17, and 
pl79 (1985) Journal of Coatings Tecnology, vol.60, No.776, and p69 (1988) A front face, vlo.25, No.2, and p86 
(1987) The approach of a publication is mentioned to JP,3-42312,B. The monomer in which a polymerization is 
possible, oligomer, and a prepolymer make acrylic and a building system a subject by these approaches, for 
example, styrene, vinyl acetate, an acrylic acid (meta), a methyl acrylate (meta), butyl acrylate (meta), 2- 
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hydroxyethyl acrylate, acrylamide (meta), a divinylbenzene, ethylene glycol diacrylate (Pori), 
trimethylolpropane triacrylate, etc. — a polymerization — or it can copolymerize. 

[0020] Although it is dependent also on the mean particle diameter of the active material to be used and electric 
conduction material, about 0.01-100 micrometers of mean particle diameter of these particle-like binders are 
about 0.1-50 micrometers preferably. If the mean diameter of a particle-like binder is extremely too smaller than 
the mean diameter of the active material to be used and electric conduction material, in order that the particle- 
like binder connected mutually may cover the front face of an active material and an electric conduction 
material particle and may check the dope and dedope of the ion from an active material, since the conductivity 
inside a paint film (electronic conduction nature) may fall or lowering of charge-and-discharge capacity and a 
cycle property may be produced, it is not desirable. On the other hand, if the mean diameter of a particle-like 
binder is extremely too large, since particle-like binders or a particle-like binder, an active material, or an 
electric conduction material particle pastes up and film forming ability falls in ******, it is not desirable. 
[0021] If needed besides a particle-like binder, polyester resin, polyamide resin, polyacrylic ester resin, 
polyurethane resin, cellulosic resin, polyolefin resin, the thermoplastics of fluororesin and others or waxes, a 
surfactant, etc. may be added to a dispersion medium, and, thereby, the stability of active material coating 
liquid, spreading justice and the adhesion of an active material paint film, thermal resistance, a mechanical 
strength, etc. can be improved. 

[0022] By the idiomatic distributed approaches, such as a homogenizer, a ball mill, a side mill, and a roll mill, 
mixed distribution can be carried out and preparation of active material coating liquid can perform the 
dispersant which consists of organic solvents, such as a particle-like binder, a powdered active material, water 
or methyl alcohol, toluene, and a methyl ethyl ketone, and the constituent which mixed electric conduction 
material if needed. 

[0023] Thus, using each coating approach, such as a gravure coat, a gravure reverse coat, a roll coat, a MAIYA 
bar coat, a blade coat, a knife coat, the Ayr knife coat, a comma coat, a slot die coat, a slide die coat, and a DIP 
coat, by dryness, 10-200 micrometers of prepared active material coating liquid are applied to a metallic foil 
charge collector so that it may become the thickness of 50-150 micrometers preferably. 

[0024] Although a dispersion medium is removed after carrying out coating of the active material coating liquid 
to a metallic foil charge collector, with clearance of this dispersion medium, or after that, ionizing radiation is 
irradiated with the heat-treatment by the dryer, an electric furnace, etc. or an ultraviolet ray lamp, electron- 
beam-irradiation equipment, gamma ray irradiation equipment, etc., the adhesive strength on the front face of a 
particle of a particle-like binder, an active material, or electric conduction material is produced, and an active 
material paint film can be obtained. 

[0025] Furthermore, in order to raise the homogeneity of a paint film, it is also desirable to use a metal roll, a 
heating roller, a sheet press machine, etc., and to obtain the electrode plate of the invention in this application 
by performing press processing. 

[0026] Moreover, before moving to the assembly process of a cell using this electrode plate, in order to remove 
the moisture in an electrode plate active material paint film, it is also desirable to perform heat-treatment, 
reduced pressure processing, etc. further. 

[0027] The nonaqueous electrolyte which melted lithium salt to the organic solvent is used for the rechargeable 
battery constituted with the obtained electrode plate. 

[0028] Cyclic ester, chain-like ester, cyclic ether, chain-like ether, etc. are used for the above-mentioned organic 
solvent. Specifically As cyclic ester, propylene carbonate, butylene carbonate, gamma-butyrolactone, vinylene 
carbonate, a 2 methyl-gamma-butyrolactone, an acetyl-gamma-butyrolactone, gamma-valerolactone, etc. as 
chain-like ester Dimethyl carbonate, diethyl carbonate, dibutyl carbonate, Dipropyl carbonate, methylethyl 
carbonate, methylbutyl carbonate, Methylpropyl carbonate, ethyl butyl carbonate, ethyl propyl carbonate, Butyl 
propyl carbonate, propionic-acid alkyl ester, malonic-acid dialkyl ester, acetic-acid alkyl ester, etc. as cyclic 
ether A tetrahydrofuran, an alkyl tetrahydrofuran, a dialkyl alkyl tetrahydrofuran, Alkoxy tetrahydrofuran, 
dialkoxy tetrahydrofuran, 1, 3-dioxolane, alkyl- 1, 3-dioxolane, 1, and 4-dioxolane etc. as chain-like ether 1, 2- 
dimethoxyethane, 1, 2-ethoxy ethane, diethylether, Ethylene glycol dialkyl ether, the diethylene-glycol dialkyl 
ether, the triethylene glycol dialkyl ether, the tetraethylene glycol dialkyl ether, etc. are used. 
[0029] In the above-mentioned lithium salt, moreover, LiC104, LiBF4, LiPF6, LiAsF6, LiCl, Inorganic lithium 
salt, such as LiBr, And LiB 4 LiN (C6H5) (S02CF3) The organic lithium salt of 2, LiC (S02CF3)3, 
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LiOS02CF3, LiOS02C2F5, LiOS02C3F7, LiOS02C4F9, LiOS02C5Fll, LiOS02C8F13, and LiOS02C7F15 

grade is used. 

[0030] 

[Example] 

It stirred for 10 minutes by rotational frequency 8000rpm with the homogenizes the active material, electric 
conduction material, and particle-like binder which are shown in one or less example were distributed, and a 
positive electrode and negative-electrode active material coating liquid were obtained. In addition, it is weight 
criteria that it is especially in below with %, unless it refuses. 
«positive-active-material coating liquid» 

Particle-like binder: A polymethyl acrylate particle, mean particle diameter of about 2 micrometers (MP- 1400, 
the total product made from ******, 90 degrees C of softening temperatures) 

5% Positive-active-material powder: LiCo02 powder with a mean particle diameter of about 10 micrometers 
85% Electric conduction material powder : Graphite powder with a mean particle diameter of about 3 
micrometers 10% Dispersion medium : Isopropyl alcohol 30%«negative-electrode active material coating 
liquid» 

Particle-like binder: A polymethyl acrylate particle, mean particle diameter of about 2 micrometers (MP- 1400, 
the total product made from ******, 90 degrees C of softening temperatures) 

10% Negative-electrode active material powder: Graphite powder with a mean particle diameter of about 3 
micrometers 90% Dispersion medium : Isopropyl alcohol The positive-active-material coating liquid and 
negative-electrode active material coating liquid which were obtained 50%, respectively Aluminum foil with a 
thickness of 20 micrometers, After applying to both sides, respectively so that a slot die coating machine may 
be used for the charge collector which consists of copper foil with a thickness of 10 micrometers and the 
thickness of dryness may be set to about 100 micrometers, While removing the dispersion medium by making it 
heat in 120-degree C oven, by softening a particle-like binder, adhesive strength was produced and the forward 
negative electrode plate was obtained respectively. Furthermore, the paint film applied by compressing this 
using a roller press machine was homogenized. 

It stirred for 10 minutes by rotational frequency 8000rpm with the homogenizer, the active material, electric 
conduction material, and particle-like binder which are shown in two or less example were distributed, and a 
positive electrode and negative-electrode active material coating liquid were obtained. 
«positive-active-material coating liquid» 

Particle-like binder : particle 30% curing-catalyst : Triethylamine shown in the synthetic example (1) 5% 
Positive-active-material powder: LiCo02 powder with a mean particle diameter of about 10 micrometers 85% 
Electric conduction material powder : Graphite powder with a mean particle diameter of about 3 micrometers 
10% Dispersion medium : Isopropyl alcohol 0.1%«negative-electrode active material coating liquid» 
Particle-like binder: Particle shown in the synthetic example (1) 5% Negative-electrode active material powder: 
Graphite powder with a mean particle diameter of about 3 micrometers 90% Dispersion medium : Isopropyl 
alcohol 50% Curing catalyst : Triethylamine Example of 0.1%* composition (1) 

Sorbitan acid mono-laurate 0.5% was added to glycidyl methacrylate 3% and 79.5% of pure water as an 
emulsifier, and it stirred to it for 10 minutes by rotational frequency 6000rpm with the homogenizer, and it was 
made to emulsify a monomer in pure water divinylbenzene 2% methyl methacrylate 15%. It added 0.5% of 
potassium persulfate as an initiator, and the polymerization was carried out to this emulsified liquid, stirring at 
60 degrees C for 8 hours, and the acrylic ester system particle was obtained. It was made to dry, after filtering 
the obtained particle and fully rinsing. As for this particle, the glycidyl group existed in the front face. 
Moreover, the mean particle diameter of this particle was about 1 micrometer. 

[0031] The positive-active-material coating liquid and negative-electrode active material coating liquid which 
were obtained, respectively Thus, aluminum foil with a thickness of 20 micrometers, After applying to both 
sides, respectively so that a slot die coating machine may be used for the charge collector which consists of 
copper foil with a thickness of 10 micrometers and the thickness of dryness may be set to about 100 
micrometers, While removing the dispersion medium by making it heat in 120-degree C oven, by carrying out 
heat curing of the particle-like binder, adhesive strength was produced and the forward negative electrode plate 
was obtained respectively. The paint film applied by furthermore compressing this using a roller press machine 
was equalized. 
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It stirred for 10 minutes by rotational frequency 8000rpm with the homogenizer, the active material, electric 
conduction material, and particle-like binder which are shown in three or less example were distributed, and a 
positive electrode and negative-electrode active material coating liquid were obtained. 
«positive-active-material coating liquid» 

Particle-like binder : The acrylic-acid esthetic which has a partial saturation double bond on a front face (meta) 
A RU system particle, the mean particle diameter of about 5 micrometers (A "micro krill", TOYO INK MFG. 
CO., LTD. make) 5% Positive-active-material powder : LiCo02 powder with a mean particle diameter of about 
10 micrometers 85% Electric conduction material powder : Graphite powder with a mean particle diameter of 
about 3 micrometers 10% Dispersion medium : Isopropyl alcohol 30%«negative-electrode active material 
coating liquid» 

Particle-like binder : The acrylic-acid esthetic which has a partial saturation double bond on a front face (meta) 
A RU system particle, the mean particle diameter of about 5 micrometers (A "micro kriir, TOYO INK MFG. 
CO., LTD. make) 10% Negative-electrode active material powder : Graphite powder with a mean particle 
diameter of about 3 micrometers 90% Dispersion medium : Isopropyl alcohol The positive-active-material 
coating liquid and negative-electrode active material coating liquid which were obtained by doing in this way 
50% After applying to both sides, respectively so that a slot die coating machine may be used for the charge 
collector which consists of aluminum foil with a thickness of 20 micrometers and copper foil with a thickness 
of 10 micrometers, respectively and the thickness of dryness may be set to about 100 micrometers, the 
dispersion medium was removed by heating in 120-degree C oven. Electron-beam-irradiation equipment (cure 
TRON, product made from Nissin High Voltage) was used for these, with the acceleration voltage of 200kV, by 
irradiating the electron ray of 5Mrad from both sides, and carrying out reaction hardening of the particle-like 
binder, adhesive strength was produced and the forward negative electrode plate was obtained respectively. 
Furthermore, the paint film applied by compressing this using a roller press machine was homogenized. 
It stirred for 10 minutes by rotational frequency 8000rpm with the homogenizer, the active material, electric 
conduction material, and particle-like binder which are shown in four or less example were distributed, and a 
positive electrode and negative-electrode active material coating liquid were obtained. 
«positive-active-material coating liquid» 

Particle-like binder : particle 30% curing-catalyst : Triethylamine shown in the synthetic example (2) 5% 
Positive-active-material powder: LiCo02 powder with a mean particle diameter of about 10 micrometers 85% 
Electric conduction material powder : Graphite powder with a mean particle diameter of about 3 micrometers 
10% Dispersion medium : Isopropyl alcohol 0.1%«negative-electrode active material coating liquid» 
Particle-like binder: Particle shown in the synthetic example (2) 5% Negative-electrode active material powder: 
Graphite powder with a mean particle diameter of about 3 micrometers 90% Dispersion medium : Isopropyl 
alcohol 50% Curing catalyst : Triethylamine Example of 0.1%* composition (1) 

Macromolekuare Chemie.vol.181 and p2517 (1980) Polymer Journal, vol.17, and pl79 (1985) Journal of 
Coatings Tecnology, vol.60, No.776, and p69 (1988) A front face, vlo.25, No.2, and p86 (1987) The organic 
multilayer particle of two-layer structure was produced by carrying out the polymerization of the following 
inner layer (core layer) and the monomer for outline layers (shell layer) to JP,3-42312,B according to the 
approach of a publication. 

[0032] Inner layer : Styrene 20%, methyl methacrylate 60%, divinylbenzene 20% outline layer : Methyl 
methacrylate It was made to dry, after filtering the particle obtained 100% and fully rinsing. The mean particle 
diameter of a particle was 3 micrometers. 

[0033] The positive-active-material coating liquid and negative-electrode active material coating liquid which 
were obtained, respectively Aluminum foil with a thickness of 20 micrometers, After applying to both sides, 
respectively so that a slot die coating machine may be used for the charge collector which consists of copper 
foil with a thickness of 10 micrometers and desiccation thickness may be set to about 100 micrometers, While 
removing the dispersion medium by making it heat in 120-degree C oven, by softening an outline layer for a 
particle-like binder, adhesive strength was produced and the forward negative electrode plate was obtained 
respectively. Furthermore, the paint film applied by compressing these using a roller press machine was 
homogenized. 

It stirred for 10 minutes by rotational frequency 8000rpm with the homogenizer, the LiCo02 powder 90 weight 
section with an example mean particle diameter [ of a comparison ] of about 10 micrometers, the graphite 
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powder 5 weight section, the polyvinylidene fluoride resin (neo chlorofluocarbon VDF, Daikin Industries, LTD. 
make) 5 weight section, and the N-methyl pyrrolidone 20 weight section were distributed, and positive-active- 
material coating liquid was obtained. Moreover, negative-electrode active material coating liquid was stirring 
the graphite powder 90 weight section, the polyvinylidene fluoride resin (neo chlorofluocarbon VDF, Daikin 
Industries, LTD. make) 10 weight section, and the N-methyl pyrrolidone 20 weight section on the same 
conditions as positive-active-material coating liquid and obtained dispersedly. 

[0034] After applying to both sides, respectively so that a slot die coating machine may be used for the charge 
collector which consists of aluminum foil with a thickness of 20 micrometers and copper foil with a thickness 
of 10 micrometers the positive-active-material coating liquid and negative-electrode active material coating 
liquid which were obtained, respectively and desiccation thickness may be set to about 100 micrometers, it was 
made to dry in 200-degree C oven, the solvent was removed, and the forward negative electrode plate was 
obtained respectively. The paint film applied by compressing this paint film using a roller press machine was 
homogenized. 

[0035] Between each forward negative electrode plate produced in examples 1-4 and the example of a 
comparison, through the separator which consists of a fine porosity film of the polyolefine system 
(polypropylene, polyethylene, or those copolymers) which has broad three-dimensions structure with vacancy 
(spongy), it wound around the curled form and the group of electrode consisted of forward negative electrode 
plates. Next, this group of electrode was inserted into the stainless steel container of the shape of a closed-end 
cylinder which serves as a negative-electrode terminal, and the cell of rated capacity 500mAh was assembled in 
AA size. 

[0036] As the electrolytic solution, it is EC (ethylene carbonate) :P C(propylene carbonate):DME 
(dimethoxyethane) was mixed by the volume ratio 1:1:2, and it was made 11. in the whole quantity, and one-mol 
LiPF6 was dissolved in this mixed solvent as a supporting electrolyte, the electrolytic solution was prepared, 
and the specified quantity of this electrolytic solution was poured in the above-mentioned cell. 
[0037] In measurement of a cell property, it is 25 degrees C in temperature, and is maximum charging current 
consistency 1.0 mA/cm2 by the charge-and-discharge measuring device to 20 eels each. It is 100 cycle 
********** about the charge-and-discharge cycle of charging until cell voltage is set to 4.3V with a current 
value, discharging until it is set to 2.75V with the same current value after stopping for 10 minutes, stopping for 
10 minutes after that, and returning to charge again. 

[0038] Drawing 1 shows the charge-and-discharge capacity of an example 1 for the average charge-and- 
discharge curve at the time of 100 cycle charge-and-discharge termination of the cell of 20 eels each using the 
electrode plate obtained in examples 1-4 and the example of a comparison as 100%. As compared with the 
charge-and-discharge property of the cell using the electrode plate obtained in the example of a comparison, the 
standup of the potential from immediately after charge and discharge was small, namely, polarization was 
small, and, as for the charge-and-discharge curve of the cell using the electrode plate obtained in the examples 
1-4, the charge-and-discharge capacity factor also showed 90% or more and a large value as compared with 
about sixty% of the example of a comparison so that clearly also from drawing 1 . 

[0039] Drawing 2 makes the average of initial capacity 100% respectively, and shows the capacity maintenance 
factor in each number of cycles by the maintenance factor to it. Even if it carries out 100 cycle progress, to 
being 80% or more, capacity began to decrease from the hit which went through 20 to 30 cycle, and the capacity 
maintenance factor is less [ by the cell constituted using the electrode produced in the example of a 
comparison ] than 60% by the cell constituted using the electrode produced in the examples 1-4, when 100 
cycle progress is carried out. 

[0040] The electrode plate obtained by this invention has small polarization at the time of charge and discharge 
as compared with the electrode plate of the example of a comparison, and there is little decline in a capacity 
maintenance factor so that more clearly than drawing 1 and drawing 2 . 
[0041] 

[Effect of the Invention] As explained in full detail above, according to the electrode plate for nonaqueous 
electrolyte rechargeable batteries of this invention In the electrode plate for nonaqueous electrolyte rechargeable 
batteries with which the paint film which applies to a metallic foil current collection body surface the coating 
liquid for electrodes which changes including an active material, a binder, and a dispersion medium, and is 
obtained was formed the elasticity in which said paint film contains the active material bound with said binder 
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and this binder — since the structure of a ** was accomplished, the conductive (electronic conduction nature) 
lowering inside a paint film and decline in the capacity maintenance factor at the time of a charge-and-discharge 
cycle can be prevented. 



[Translation done.] 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 
[Drawing 11 
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[Translation done.] 
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Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



LI FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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